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Introduction

Endodontic cross-sectional prevalence studies have found periradicular
bone lesions observed in roughly 25-40% of teeth with root canal fillings [1-5].
The causes for these high rates of disease are difficult to ascertain as the clinical
history of these cases is mostly unknown.

However, it is certain, that the

presence of bacteria in the root canal system is known to be the primary cause of
periradicular inflammation[6].

The inability to eliminate bacteria before the

placement of a root canal filling is a major factor contributing to endodontic
failures[6, 7}.

Despite this information, the degree and route of secondary

bacterial contamination on the life span of a functioning endodontically treated
tooth is not known.
In addition to the primary infection of the pulp space several other
secondary factors have been thought to influence the outcome of endodonticaUy
treated teeth. These include, the presence and quality of a permanent coronal
restoration [8··12], leakage of oral microbial content alongside the root canal filling
[13, 14], and poor technical quality of the root filling [4, 14-16]. However, as a
result of the paucity of clinical data regarding these variables, speculation has
been based on the observed correlation between the quality of coronal
restorations, quality of endodontic treatment, and the presence of periradicu!ar
disease evaluated with radiographic images [8-10, 12]
The present study attempted to evaluate, clinically and radiographically. the
relationship between the quality of the coronal restoration and root canal filling on
1

periradicular health. In addition, this study evaluated different methods of
examining

periapical radiographs to determine the

role of bias In the

interpretation of radiographs.

2

Outcome Studies
The presence of Periradicular Radiolucency
Stringberg in 1956[14] published a study consisting of 529 cases
performed by one operator with a 4 year or more follow-up time period. This
study found that the presence of a periapical radiolucency at the time of
treatment resulted in a lower prognosis than teeth without a radiolucency.
Furthermore, this study also found that endodontic failures, which were retreated,
continued to have a higher failure rate. Therefore. the success of necrotic cases
may not oniybe dependent on the level of infection but the level of host damage
and complexity of the root canal system.
The degree of infection in root filled teeth is thought to be linked to .the
quality of the root filling and resulting secondary infection and in turn influence
the presence of a periapical radiolucency. 8ergenholtz et al. 1979 [1

7J

studied

the correlation between the quality of the root filling, after retreatment,cn
periapical healing.

This study included 410 retreatment cases performed by

students with a 2 year post-treatment follow-up.

Retreated teeth with

periradicular lesions improved in 78% of the cases with partial or complete
healing. A 94% success rate was achieved in the cases where length

or quality

of the root canal fil! were improved. This study suggested that by disinfecting the
pulp space of poorly filled root canals and piace good quality root canal fillings
periradicular disease will heaL
Sjogren et al. 1990 [16] evaluated factors affecting long-term results of
endodontic treatment. Over an 8 to 10 year period, 356 patients were evaluated.
3

The success rate for teeth with vital and non vital pulps and no periapical lesion
exceeded 96%. Teeth that had a necrotic pulp and a periapical lesion, had an
86% success rate.

Retreatment of previously endodontically treated teeth with

periapical disease was only successful in 62%. The presence of a lesion and its
size was found to negatively affect the success rate of endodontic treatment as
compared to teeth with no periapical lesion.
Sundqvist et al.

1998[18] performed

a

microbiologic analysis of failed

endodontically treated teeth and evaluated the success of retreatment.

Fifty-four

teeth were retreated and followed for 5 years. The root canal flora consisted of
Gram positive bacteria with Enterococcus faecalis predominating. The success
rate for retreatment of these cases was found to be 74%. This finding was if,
accordance with Sjogren's 1990 study.

A poorer prognosis was found if the

disinfection was inadequate so that residual infection was present at the time of
the root filling[16].

The Role of Infection in Outcome studies
In numerous studies the elimination of microorganisms has been shown to be
important for a successful endodontic outcome.

Engstrom et a1.[19] in 1964,

found that residual bacterial presence at the time of root canal filling had more
than doubled the failure rate than when no bacteria were found.
Sjogren et al in 1997 investigated the role of residual infection on the prognosis
of endodontic treatment.

Fifty-five single rooted teeth with apical periodontitis

were endodontically treated and root filled during a single visit appointment. All
4

teeth were initially infected and following instrumentation and irrigation 22 were
still positive for bacteria. Five year follow-up showed that 94% of the cases with
no bacterial presence at the time of root canal filling were successful. Teeth with
a positive culture at the time of obturation had a 68% success rate. Therefore, in
cases with viable bacteria present at the time of the root filling successful
outcome is reduced. The degree of risk is partially dependent on the quality of
the root filling.[20]

Discovery of Microorganisms

Important developments in the discovery of the role of endodontic
pathogens have been dependent on techniques to sample and identify
microorganism in the root canal space. In 1894, WD Miller noted the presence of
many different microorganisms in the pulp space. This flora was different in the
coronal, middle and apical third of the root canal system. He observed that some
of the

microorganisms were

uncultivable.

Many of these uncultivable

microorganisms were later identified as anaerobic

bacteria that were very

sensitive to bacterial sampling and culture[7, 21] .
Kakehashi, Stanley and Fitzgerald in 1965 demonstrated the critical role
that microorganisms play in the etiology of apical periodontitis[6].

This group

performed studies using germ free rats which illustrated the vital role of
microorganisms on developing pulp necrosis and later periradicular disease.
Moller, in 1966, published stUdies on

improved media and cultivation

techniques which allowed the growth of delicate microorganisms from the root
5

canal systems of human teeth.[21] He also conducted thorough microbiological
studies of root canals and periapical tissues of human teeth[22]. During this time
period

significant

new techniques

for

growing

very

delicate

anaerobic

microorganisms were developed at the Virginia Polytechnique Institute (PRAS
technique)[23]. Hence. with these newly developed advanced techniques,
Sundqvist 1976 showed that obligate anaerobes dominate the root canal flora of
necrotic teeth with periapical disease. He also showed that in intact teeth
bacteria could only be recovered from non vital teeth with apical periodontitis[7].

Intra-canal Ecology
A subset of the several hundred different bacterial species originating from
the oral cavity inhabits the root canal system[24]. Within the root canal system, it
has been shown that there exists a predominance of obligate anaerobic nonsporulating bacteria with a lower proportion of facultative anaerobic bacteria[241,
This bacterial distribution is characteristic of the primary endodontic infection.
Furthermore, the flora of necrotic root canals in teeth with intact crowns and
apical periodontitis includes more than 90% obligate anaerobes of the genera
Fusobacterium,

Porphyromonas,

Peptostreptococcus[7, 25].

Prevotella,

Eubacterium

and

On the contrary, root canals exposed to the oral

cavity differ with less than 70% strict anaerobes.[25] Molecular techniques have
helped to identify species, but unlike culturing techniques lacks the ability to
provide information on properties and pathogenicity of a particular species[26,

6

27]. In addition, some investigators have found spirochetes[28], fungi[29-31l and
vi ruses[32].
Various bacterial species dominate at different stages of the infection process.
Oxygen and oxygen products are ecological determinants in the proportion of
various microorganisms in the root canal [26]. Nutrition and iocal pH within the
root canal are also important factors [261 . Furthermore, in a review article, Nair
described the factors which influence the intra-radicular pathogenic properties of
bacteria as a) an interaction between microorganisms and development of
synergistic beneficial partners; b) the ability to int.erfere with and evade host
defenses; c) the release of lipopolysaccharides and other bacterial modulins; and
d) the synthesis of enzymes that damage host tissues'[25].
The flora of technically good quality root filled canals may persist and play
a significant rolE":! in periradicular lesions and constitute a secondary endodontic
infection and are considered therapy resistant cases(18].
mentioned, this flora is different than that found in untreated root canais which
are dominated by obligate anaerobes[26].

Gram positive microorganisms have

been found in therapy resistant cases with an equal distribution between obligate
and facultative anaerobes[18, 26, 33]. Furthermore. when comparing the
distribution of microorganisms' found in therapy resistant cases with untreated
root canals, untreated root canals consist of a polymicorobial

mix with equal

proporHons of gram negative and gram positive species dominated by obligate
anaerobes[26]. Species found in several studies regarding the flora of root filled
teeth are Enterococcus, Streptococcus, Peptostreptococcus, Actinomyces, and

Candida[18, 22, 26, 33-37]. Gram-positive organisms of mainly single species,
such as Enterococcus faecalis[18] and Actinomyces israelii[38], exist that are
resistant to therapy and grow to produce virulence factors which contribute to the
disease process ..
The microorganisms of untreated root canals live in an environment which
has been described as experiencing a feast, while residual microorganisms of
well-filled root canals an environment of famine[26].

The flora of inadequately

root filled and poorly restored teeth may be characterized as a tertiary

endodontic infection.

This ecology has been found to be similar to untreated

root canals and classified as therapy resistant [18, 26, 35],

Therapy resistant

may not necessarily blS the best description due to the fact that these cases

w~e

not adequately treated initially. Hare the flora varies from the typical "secondarY";'
to the "primary"infection. As an example when only half of the root canal is filled
or there is many voids there is probably enough of nutrients and an environrneflt
to produce a microflora similar to the "primary" infection. As there is less and less
necrotic tissue present and the fill is better the flora tend to tip to the "secondary"
category.

Factors Associated with Endodontic Failures
While the most common cause of persistent periradicular disease is intraradicular infection[16, 31, 37, 39], there are certain circumstances other than
contamination of the root canal system that may maintain a periradicl.lla r
inf!ammatory lesion.

These factors are extraradicular actinomycosis. cystic
8

apical periodontitis, and foreign body reactions [39] (cholesterol crystals, gutta
percha, plant materials, other foreign materials) and scar tissue healing. [25] A
cystic lesions[40]

(true cyst) will not heal but continue to grow independent of

bacteria. A bay cyst may result in a foreign body reaction results if the cholesterol
is not drained during initial treatment. This lesion is not infectious and will not
grow in size but does not resolve. In addition many periapical lesions may simply
be fibrous scar tissue healing [20, 26] that can be mistaken for lack of tissue
healing resulting from a faulty diagnosis.

Length of Fill
Endodontic success is also dependent on the length and quality of the root
filling.

8ergenholtz

et al. 1979[17] in their retreatment study found a much

higher failure rate in cases where the retreatment resulted in an excess of root
canal filling material. Sjogren et al. 1990 found that teeth with fillings at or within
2mm of the radiographic apex had a 94% success rate while cases in which the
filling was more than 2mm short or

in excess had only a 68-76% success

rate[16].
Ricucci and Langland 1998 evaluated in a series of cases the apical limit
of root canal instrumentation and root fillings. The most favorable histological
condition was seen when instrumentation and root filling was contained within the
apical constriction or short of it. A severe inflammatory reaction was noted with
extruded sealer or gutta percha.
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Engstrom et al. 1964[41], observed a higher failure rate in overfilled cases
where residual infection was noted at the time of placing the root filling. Teeth
that are not completely disinfected and over-instrumented risk implanting bacteria
into the periapical tissues which results in a periradicular lesion. Overfilling is
believed to occur in conjunction with over-instrumentation.
Additional factors which have been observed to be associated with
endodontic failures

include pretreatment diagnosis,

root

canal

anatomy,

restorability of the tooth, and the systemic health of the patient[11]. Furthermore,
technical mishaps during treatment including instrument separation, perforations,
over instrumentation, excess root filling material, and deficient root filling material
due to a lack of adaptation, can also influence the treatment outcome[17]. When
these technical mishaps occur, they can negatively influence prognosis by
leaving behind residual bacteria in the root canal system.

Host Immune Response
An endodontic pathogen is a microbe which causes damage to the host by
either direct microbial action or by stimulating the host immune response[26, 42].
As pulp degeneration begins. so do periradicular changes. Periradicular disease
can be appreciated as a second line of defense after the pulp tissue against
bacterial invasion of the pulp[43].

Complete pulp necrosis does not need to

occur prior to the development of inflammatory reactions in the periradicular bone
[44].
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The

host response

involves

cells,

molecules and humoral antibodies[25].

intracellular mediators,

effector

Diverse elements compose the

inflammatory response as immediate and non-specific.[45]

immediate-type

responses include vasodilation, increased vascular permeability, and leukocyte
extravasation. They are regulated by endogenous mediators, prostanoids, kinins,
and neoropetides. Non-specific immune responses are elicited in response to
bacteria and their byproducts.

They include polymorphonuclear leukocytes

(PMN's) and monocyte/macrophages, migration and activation, and cytokine
production.[25, 45]

Molecular mediators involved with the initial periradicular response

.. J

Molecular mediators include pro-inflammatory and chemotatic cytokines,
interferons,

coiony-'stimuiating

factors,

growth

factors,

eicosanoids

(prostaglandins, leukotriens), enzymatic effector molecules and antibodies.
These

are

involved

in

the

pathogenesis

and

progreSSion

of

apical

periodontitis[25].

Cellular Elements
The cellular elements are composed of polymorphocnucleotides (PMNs),
lymphocytes, plasma cells, and monocytes/macrophages. PMNs are protective
cells that when they die, can cause severe host damage[25]. The accumulation
and massive death of short lived PMN's are a major cause of tissue destruction.
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Destruction results from the PMN's cytoplasmic granules which contain enzymes
that when released degrade structural elements and extra-cellular matrices[46].

Lymphocytes
Lymphocytes are composed of 3 major cell types, T -cells, 8-cells, and
natural killer (NK) cells. [25] Periradicular lesions contain a mixed inflammatory
cell infiltrate consisting of T-cells and B-cells[47].

T-cells are designated by

function as T-helper cells(CD4+) and T-suppressive(CD8+) cells. B lymphocytes
are directly responsible for antibody production.
CD4 \-;el!s can further be divided into T-helper 1(TH1 ) and T-he~per 2 (T H:2)
cells. T Hi produce interleukin-2 and interferon-v. These substances r..antrol the
cell mediation part of the immune system.

T H2 regulates the production of

antibodies produced from plasma cells by secreting IL-A, 5, 6, and '10"[25J
lymphocytes receive signals from antigens and T H2

celis.

B

Some.: B cells becomH

plasma cells. [25]
Studies of these phenomena has been done on severa! animal models as
well as in humans [43-45, 48] Differences have been found to exist during both
the active and chronic states of disease. During the active phase of disease, Thelper cells predominate. The highest level of bone resorbing

activ~ty

was found

during expansion of the lesion and is mediated by cytokine interleukin-1
alpha[44, 49]. Cells that express interleukin-1 alpha have been identified in pulp
tissue beginning on day 2 after pulp exposure to the oral cavity.

Interleukin-1

alpha has been found in periapical tissue beginning on day 7 after pulp
12

exposure[44. 45]. !t was estimated that prostaglandin-2 is responsible for 10 to
15 % of bone resorption [44].
T suppressor cells are found more in chronic phases of disease. Tumor
necrosis factor alpha was detected in chronic lesions but beta was absent.
Interleukin··1 alpha has been found to playa key role in the animal model for the
pathogensis of periradicular disease[44, 49]. The earliest periradicular response
to pulpal inflammation suggests that macro phages have a close relationship to
bone destruction. Plasma celis, on the other hand,

may participate in tissue

repair rather than the development of periradicular lesions[50].
Before the onset of active lesion expansion, lymphoid cells start to
increase with CD4+ lymphocytes appearing first[51]. CD8+ lymphocytes af"~
plasma cells dominate when the lesion is established and they may be related

t~)

the chronicity of the lesion[51].

Macrophages
Macrophages are completely distributed throughout the periapicai iesion
initiating active lesion development[51]. Macrophages are activated by chemical
mediators,

foreign

bodies and

microorganisms[25].

Macrophages secrete

molecular mediators-cytokines IL-1, TNF-a, interferons (IFN), and growth factors
important to apical periodontitis, [25]
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Virulence Factors
Microorganisms produce virulence factors which may contribute to their
pathogenicity. These include proteolytic enzymes, cytotoxins, and hemolysins[45,
52]. Virulence factors also result from cell wall components. Gram-negative
microorganisms produce endotoxins, such as Iipopolysaccharide(LPS). Grampositive microorganisms produce proteoglycans[45]. LPS extracted from viable
bacteria sampled from necrotic pulps have been found to correlate with endotoxic
activity. This activity was associated

with the presence and number of gram-

negative bacteria [53]. The presence of endotoxin was highly correlated with the
presence of inflammation in periapical tissues.[54] Much of the effect of LPS
seems to be indirect and mediated by interleukin1 and prostaglandin E2 [45].

Molecular Mediators in the Chronic Periradicular Lesion
Chronic periradicular lesions demonstrate a mixed infiltrate of T

and~

B

lymphocytes[55], PMNS, macrophages, plasma cells, NK cells, eosinophils, and
mast cells[45].

Specific T- and B- lymphocytes mediate and activate a network

of regulatory cytokines which are produced by T helper 1 and T helper 2 type Tlymphocytes. T-suppressor cells were associated with the chronic lesions. The T
Helper and T suppressor cells are highly regulated[56].

The Composition of the Periradicular Lesion
An inflammatory infiltrate makes up 50 % of a periapical granuloma [45].
The remainder is composed of non inflammatory connective tissue cells, which
14

include

fibroblasts,

vascular

endothelium,

proliferating

endodothelium,

osteoblasts and osteoclasts[57].
In the cat model, immune complexes are capable of stimulating periapical
bone destruction[58]. Complement fixation and cleavage products may stimulate
PMN chemotaxis.
Proliferating endothelial cells compose 30-52% of the cell population in
apical periodontitis[57]. Inflammatory hyperplasia is a process in which cytokines
and growth factors simulate epithelial cell rests to divide and proliferate during
periapical inflammation.

The Role of Osteoclasts
Nair

[25]described

osteoclastic

involvement

in

periapical

disease.

Monocytes travel through the blood to the periradicular tissues and attach
themselves to the bone as pro-osteoclasts. They remain dormant until
osteoblasts signal them to proliferate.

Over injured and exposed bone,

mulinucleated osteoclasts spread and their cytoplasmic border becomes ruffled.
Bone resorption takes place underneath the ruffled border in the sub-osteoclastic
resorption compartment.

At the osteoclast/bone interface, bone destruction

occurs. It involves demineralization as a result of ionic lowing of pH by the microenvironment; and enzymatic dissolution of the organic matrix.

15

Apical Periodontitis
Periradicular pathology can be categorized as acute, chronic. and
exacerbating. They are defined as follows:

Acute apical periodontitis: inflammation usually of the apical periodontium

producing clinical symptoms including a painful response to biting and
percussion with no microbial component and no radiographically visible bone
lesion. This is seen in cases of overload.
Chronic apical periodontitis:

inflammation

and

destruction of the apical

periodontium that is of pulpal orgin with a microbial component, and appears as a
periradicular radiolucent area and does not produce clinical symptoms.

Exacerbating apical periodontitis:

peridontitis.

The

microbia~

an exacerbation of a chronic apical

component produces inflammation usuaiJy of tbe

apical periodontium producing clinical symptoms including painful response to
biting and percussion ..

Some classifications have been found to contain the addition of cysts[25].
Apical

periodontitis results most often from

inflammatory

involvement

of

pulp

tissue

microorganisms as well as

during

trauma,

injury

during

instrumentation, chemicals such as root canal irrigants, or endodontic materials.
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Acute Apical Periodontitis
Acute apical periodontitis can be diagnosed clinically by pain, tooth
elevation, and tenderness to pressure. Tissue response is usually limited to the
periodontal ligament.

No evidence of radiographic changes can be observed.

This process involves a typical neurovascular response of inflammation, resulting
in hyperemia, vascular congestion, edema of the periodontal ligament, and
extravasation of neutrophlls[25].

Chronic Apical Periodontitis
Chronic apical periodontitis consists of granulomatous tissue with a cell
infiltrate" fibroblasts and normally a well developed fibrous capsule. An irregu.
epithelial mass composed of small blood vessels, lymphocytes, plasma cells, and,
macro phages

is also found

[25]. Though generally no symptoms,

mild

tenderness to percussion and palpation may occur. Radiograhically visible bone
lesion is noted.

Exacerbating Apical Periodontitis
This category is an exacerbation of a chronic apical periodontitis with
acute apical symptoms; tenderness to palpation, percussion. and biting. Apical
periodontitis may present with an abcess and facia! swelling. Radiograhically
visible bone lesion is noted.

17

Radicular cysts
Radicular cysts are a sequela of chronic apical periodontitis.

They can

be classified as true or pocket cysts[25]. A pocket cyst has also been referred to
by the term bay cyst[59]. The true cyst has a completely enclosed sac while a
pocket cyst has a cavity open to the root canal system.

Pocket cysts are

believed to heal with endodontic therapy while true cysts need surgical
intervention because they do not communicate with the root canal system.
Therefore, a true cyst will not heal but continue to grow independent of bacteria.
If the cholesterol is not drained during initial treatment of a bay cyst a foreign
body reaction results. This lesion is not infectious and will not grow in size but
does not resolve spontaneously. Radiographic observations can be observed,Qut
are not useful for distinguishing between chronic apical periodontitis and
radicular cysts.
Nair et al. studied[60] the types and incidence of human periapical lesion:$.
from extracted teeth. Of 256 periradicular lesions, 35% were abscesses, 50%
granulomas, and 15% were cysts.

The incidence for cysts could be further

divided into 61 % true cysts and 39% bay cysts.[40, 60, 61], This suggest that
10% of periapical lesions may never heal without surgery.

Microleakage
An endodontic root canal filling is placed as an implant after the removai of
the dental pulp to prevent leakage of bacteria toward the periapical tissues. In
recent years the possible leakage of bacterial elements from the oral cavity has
18

been proposed as a factor in the development or persistence and of periradicular
disease in endodontically treated teeth. In this discussion the importance of a
coronal restoration in conjunction with the root canal filling has been has been
brought to the forefront.
Microleakage is a concept that is described as occurring either at the level
of the crown, further down towards the root filling or with regards to the apical
seal. How, where, or even if leakage occurs has received much attention in the
endodontic Iiterature.[52, 62-67].

Radioactive, Dye, Bacterial Penetration Studies

Root canal fillings have been evaluated with models, in vitro, under
optimal conditions.

The evidence for this microleakage concept was first based

on a study by Marshall and Massier, 1961 [52]. This study of leakage, in vitro,
utilized radioactive tracers to illustrate leakage despite the presence of a coronal
restoration. A dye leakage study, in vitro, by Swanson and Madison 1987 [63]
demonstrated leakage occurring, within 3 days, in adequately filled root canals
exposed to artificial saliva.

Many bacterial penetration studies, in vitro, have

demonstrated leakage occurring within 30 days of contamination[65, 66].

Salivary Contamination

A histological examination and dye penetration study of extracted teeth by
Magura et al. 1991 [67] discovered that in histological sections there was
significantly less leakage than was visualized by dye analysis. This study
19

suggested that salivary penetration at 3 months was clinically significant. Magura
et al. suggested that endodontic retreatment be considered for teeth with root
fillings exposed to the oral cavity longer than 3 months.

Endotoxins
The penetration of endotoxin[68, 69] alongside root fillings has been
suggested as a cause for periradicular inflammation. Trope et al[68] found that
LPS could penetrate although the root canals were tobturated. Alves et al.[69]
found that endotoxins penetrated faster than bacteria in post-prepared root
canals.

Role of Sealer and Gutta-percha
The apparent ineffectiveness of root canal fillings may be attributed to the
lack of adhesion between the sealer, dentin and gutta-percha.

In a study by

Hovland and Dumsha 1985[70], leakage was demonstrated to occur between the
dentin-sealer interface of teeth sealed with zinc oxide eugenol based sealers.
Wennberg and 0rstavik 1990[71] evaluated adhesion of root canal sealer to
bovine dentin and gutta-percha. Fracture surface analysis showed that polymer
sealers (AH26) and Diaket failures occurred at the sealer/gutta-percha interface.
Failure of adhesion to dentine was noted for zinc oxide-eugenol sealer (TubliSeal).
Two major goals in endodontics are preventing leakage and eliminating
bacteria from the root canal system.

Unfortunately, bacteria can still often be
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detected in

the root canal space despite optimal canal preparation and

disinfection in retreatment cases[18]. The problem of preventing further leakage
into the root canal space still exists, as no predictable method for placement of a
root canal filling which can produce a hydraulic seal is presently available[72].

Criteria for endodontic success

Criteria for endodontic treatment success have been defined as the
absence of clinical symptoms and a functional tooth. Furthermore, this criterion is
often used as a standard for evaluating endodontic success in conjunction with a
normal radiographic appearance [14] .

Radiographic Evaluation.

Strindberg's criteria [14]

defined radiographically the outcome of root

canal treatment as successful,' uncertain or failure. He defined radiographic
success when there is an unbroken lamina dura and a periodontal ligament of
normal width.

There may be a widened periodontal ligament around excess

filling material.

A failure was defined as a decrease in periradicular rarefaction;

unchanged periradicular rarefaction; or an appearance of new rarefaction or an
increase in the initial lesion. Uncertain cases were found to be those that were
ambiguous or technically unsatisfactory. a control radiograph could not be
repeated. or the tooth was extracted for unknown reasons prior to the 3 year
follow-up.
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The

periapical

index(PAI)

[73]

is

another method

for evaiuating

radiographic success. The method is based on Bryno!f's study[74] comparing
histological and radiographic images of human maxillary incisors from cadavers.
The study described changes at different levels of inflammation. The PAl has
been modified from the original findings to consist of 5 categories ranging from
healthy to severe apical periodontitis with exacerbating features.

This system

has exhibited beUer reproducibility in radiographic scoring as well as served as a
means of comparison in several different studies.

However, difficulty exists in

determining a distinct difference between neighboring scores. The use of the PAl
is uncertain for some teeth such as for premolars and molars. This uncertainty is
due to Brynolf's study utilizing only incisors. Brynolf stated in her study[751that
proof was lack/,ng regarding the degree of correlation that exists for mandibular
molars with thicker cortex..

Radiographic Methods for evaluating Coronal and Peri radicular Health.
Cross

sectional

studies

in

endodontics

are

limited

to

periapical

radiographs. Furthermore, no information is available regarding the diagnosis at
the time of treatment or length of time since treatment Finally, these studies are
limited to radiographic interpretation.
No study to date has described what influence the state of the coronal
restoration may have on determining the presence or absence of disease.
Moreover, radiographic interpretation presents a limitation which may result in
bias,

dependent on who is interpreting the

radiograph[76],and

whether
,~

..,.

1..1.

interpreters are calibrated[77]. The radiographic image may be misleading with
regards to evaluating periradicular disease and is dependent on the angulation
of the Image[78], contrast[79], size of the periradicular lesion[80], bone
quality[81], film type[82], and film processing[83].
The bisecting and paralleling techniques have been utilized to minimize
distortion of the image. No significant difference has been found between the
size of periapical lesions as recorded by either techniques[84]. When correctly
adjusted, the bisecting-angle technique and the paralleling technique provide
similar

diagnostic

reproducibility[84].

results

but

the

paralleling

technique

has

better

Utilizing a positioning device is important to minimize dose. of

radiation and to allow reproducibility of images[85].
Bitewing radiographs are essential in detecting both occlusal and
interproximal caries as well as furcation involvement. The clinical examination
alone generally detects less than 50% of caries while bitewing examination alone
generally detects over 90%[86].

Bitewing radiographs supplement clinical

examination and when used in conjunction can more accurately diagnose caries
than tactile examination alone[87]. A concern exists that tactile examination with
an explorer may inflict iatrogenic damage which would favor the progression of
the disease[88]. For non-restored teeth, radiographs improve the diagnostics but
in cases of secondary caries under crowns the clinical examination has proved
more reliabie[89].
Panoramic radiographs have been found to be useful as diagnostic too!s
for the detection of periapical lesions and caries. Panoramic radiographs detect
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60-83% of periapical lesions for most teeth. However, it is only 29% sensitive for
mandibluar incisors and canines[90].
Film based images are referred to as the gold standard for diagnosis of
caries utilizing the radiographic method[91].

Digital imaging has a diagnostic

efficacy equal to film with a 50-80% reduction in radiation. A digital image is
developed immediately but at a lower image resolution[92]. The difference in
image resolution has not been found to be statistically significant when
comparing film based images to digital images[93].

Digital Imaging
Charge-coupled

devices

(CCO),

complementary

metal-oxide

semiconductors (CMOS), and photostimulable phosphor plates (PSP) are
different direct digital
information.

ceo

imagining

systems

used

to

capture

radiographic

and CMOS utilize thicker sensors which can make placement

of the sensor more difficult than PSPs that are as thin as films. CCO and CMOS
sensors have been shown to operate in a narrow exposure window. All systems
have the ability to manipulate intraoral images either by density and gray scale
changes, color coding, or texture analysis.
The Kullendorff [94] group studied the diagnostic accuracy of direct digital
dental radiography for the detection of periradicular lesions in dry human
mandibles . They found that altering the contrast and brightness was most
effective and that more complicated processing procedures had less effect on the
diagnostic accuracy. This study had the limitation that 7 examiners were used in
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evaluating images leading to more room for disagreement. In a clinical study,
Kullendorff[95] concluded that conventional film was slightly better for detection
of periradicular lesions than direct digital radiography and that observer
performance was not improved by image processing.

Subtraction Radiography

Densitometric methods and subtraction radiography has been proposed
as a method to evaluate changes in periradicular healing[96]. In densitometric
image analysis, changes in a particular osseous area can be determined by
numeric density values.

Subtraction radiography requires radiographs with

similar angulation and density. This requires excellent reproducibility of images.
Computer algorithms have been developed to correct film contrast[97].
Delano et al 1(98] studied the radiometric and histologic

correlation

following apical surgery in beagle dogs. Beagle dogs had periradicular lesions
induced in mandibular premolars and had apicoectomies with retrofillings
performed.

The animals were followed for 6 months.

Using standardized

periapical images and eight radiometric computations, these images were then
compared and correlated with histological samples taken at 6 months.

They

found a statically significant correlation in healing between digital subtraction and
histologic evalution. Digital subtraction was suggested to be a useful in assessing
periradicular healing post apical surgery.
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Analyzing Periradicular disease
0rstavik et al [99] proposed analyzing images utilizing digital subtraction
and quantitive densitometry for an unbiased and quantitative assessment of
periradicular healing. The area in question is compared to the density of normal
bone in the area.

The density ratio measurement is obtained and can be

monitored over time to evaluated changes in periradicular disease.

Analyzing Caries progression
Radiographic images provide a view during a specific time frame. They do
not provide information about the stage or progression of the disease. This holds
true not only when evaluating periradicular disease but also caries. Caries
remineralization or arrest through fluoride treatment can leave a demineralization
scar[100]. Carious lesions cannot be determined on whether a lesion is cavitated
or noncavitated in relation to the radiographic depth of a lesion and clinical
condition[1 01]. Digital subtraction has been used in laboratory studies[102, 103]
to evaluated caries progression and has not been found to have an increase
diagnostic value for caries detection. The technique has been stated to have
clinical application in monitoring caries[1 01]. When comparing clinically a caries
assessment between conventional film and subtraction radiography, a higher
intra-observer agreement was found with subtraction imagery[104].
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Coronal restorations of endodontically treated teeth.
Many different restorations may be placed on root filled teeth from simpie
Class I amalgams to full coronal coverage with porcelain fused to metal crowns.
The following studies investigated the type of restoration placed on root filled
teeth, which provided better protection, and what role posts play in the prognosis
of endontically treated teeth.
Surria et al [105] in 1995 evaluated patterns of restoring endodontically
treated teeth based on insurance claims in the United States.

They included in

their study 1: 119 endodontically treated teeth performed by 423 general dentists.
Crowns were placed on

33~/o

of anterior teeth, 50% of premolars and 46% of

molars, Amalgams composed the majority of the restorations placed in postenor
teeth that were not crowned, with premolars comprising 20% and molars
Composite restorations were in 34% of anterior teeth which did not

24~'u"

rec~ivf-?

crowns. Finally, posts were placed in 24% of anterior teeth, 22% ot premolars
and 17% of molars.
In Sweden. a study[106J in 2001 questioned 892 general practitioners and
150 board

certified

prosthodontitis on what restorations they place on

endodontically treated teeth. 60% of general practitioners and 67 % of
prosthodontists returned the questionnaire. 29 % of general dentist and 17% of
prosthodontitis indicated that they believed a post reinforced the root structure.
Cast posts were the most commonly used type of system when restoring teeth
with crowns or abutments for bridges.

Hansen et a! 1990 [1071 assessed in a retrospective study the 20 year
survival rate and fracture pattern of 1619 endodontically treated posterior teeth.
He found the survival rate to be higher in 2 surfaces verses 3 surface
restorations.

The lowest rate was for MOD restorations, where within 3 years

28% of teeth fractured, while 57% fractured in 10 years, and 73% in 20 years.
This study concluded MOD amalgam restorations as an unacceptable material
for restorations of endodontically treated teeth if used without cuspal coverage.
Hansen et al[108] evaluated 190 endodontically treated teeth with two or
three surface composite restorations in a '12 year retrospective study. In contrast
to the previous amalgam study, the survival rate for MO/DO restorations was
equal to MOD restorations. Chemically activated materials had a hi!Jher

surv~¥a'i

than light activated resin materials. Macrofilled or hybrid resins also showed a
superior performance.
Cuspa! coverage of endodontically treated posterior teeth has been found
to be a significant factor for long term success[109].

Aquiiino et al[110]

conducted a 10 year retrospective record based study of 203 endodontically
treated teeth. It was found that teeth restored with crowns had a higher survival
rate than non crowned teeth, In fact, non-crowned teeth were 6 times more likely
of being extracted.
Mannocci,' F., et al.[111], studied the clinical success rate of premolars
restored with fiber post and direct composites verses teeth receiving full
coverage metal-ceramic crowns over 3 years. Only teeth with Class II carious
lesions were included in the fiber post group. A total of 117 teeth were included in
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the study; and patients were examined at 1, 2, and 3 year intervals. No failures
were reported the first year. At the 2 and 3 year intervals, post decementation
with clinical'or radiographic evidence of an open margin was found between the
restoration and tooth. There was no difference in failure frequencies between the
two groups and fiber posts with direct composite restorations were found
equivalent to full coverage crowns for endodontically treated premolars.
Lazarski et al. 2001 [112] evaluated the epidemiological outcomes of nonsurgical root canal treatment in a large cohort of insured dental patients.

In

34,525 cases with a 2 year follow up, they found a statistically significant
difference between the incidence for extraction of teeth with single unit
restorations (2.54%), multi-unit restorations (4.20%), amalgam/ resin restorations
(6.28%) and teeth with no subsequent restorations (11.2%).

In general, they

found that single unit restorations had a lower incidence for extraction than multiunit restorations.

Prefabricated post and cores had a lower incidence of

extraction than cast post and cores.
Buckley & Spfmgberg, 1995 [4] studied the prevalence and technical
quality of endodontic treatment in an American subpopulation. They examined
208 randomly chosen full-mouth radiographs at the University Of Connecticut
Health Center School Of Dental Medicine. Criteria for evaluating the radiographs
were clearly defined adopting the Odesjo et aI., 1990 criteria [3]. They found
31.3% (91/291) of root canal filled teeth presented with periradicular disease.

Coronal restorations restored with amalgam showed less periradicular disease
than teeth restored with crowns, composites or temporaries. Teeth restored with
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posts in well obturated endodontically treated teeth had an apical periodontitis
prevalence of 17.6% compared to 19.1 % in teeth with no posts.

Buckley &

Spimgberg, 1995 [4] were in agreement with Kvist et aI., 1989 [113] concluding
that post placement may not necessarily decrease the prognosis of root canal
filled teeth.
Prevalence studies like the Buckley & Spangberg, 1995 [4] have
limitations. Information is not available regarding when the endodontic therapy
was performed, what the diagnosis was at the time of treatment, and they do not
state the radiographic quality of the restoration.
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The

effect of long term

provisional

restoration

versus

permanent

restorations
The following are clinical studies which examined the importance of
permanent coronal restorations and try to explain what effect long term
provisional restorations or absence of restorations may have on treatment
outcome.
Safavi et aI.1987[114] attempted to evaluate the effect of delayed
placement of permanent restorations on endodontically treated teeth. Follow-up
evaluation was performed on 464 endodontically treated teeth at the University
Of Connecticut School Of Dental Medicine. The criteria for success was adapted
from Strindberg et aI., 1956[14]. The study comprised of matched groups, one
with

temporary restorations and the other with

permanent restorations.

Radiographs were interpreted by 2 examiners and the inter-examiner agreement
was provided. Due to the exclusion criteria, the sample size was too small to
allow a statistically significant observation to establish the correlation between
permanent and temporary restorations. Safavi et al. stated that a tendency was
observed with more frequent successful results in the permanent restoration
group.
In a second clinical study, Ricucci et al. 2000 [115] attempted to evaluate

the clinical significance of coronal leakage of 43 and 55 matched cases. The
study utilized the model of a retrospective cohort analysis to evaluate root canal
fillings in cases presenting for follow-up evaluation with exposure to caries or
absent restorations. The cases were performed in a private practice in Italy.
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Cases were matched regarding preoperative diagnosis and on!y cases with a
three year follow-up were included.

This is the only study which clinically

examined all teeth. The study design involved masking the coronal restoration
when evaluating the periradicular health. The authors were not able to conclude
a statically significant result. In this study all root canal fillings were of a high
technical quality, They did state that their data suggested that the coronal
restoration may not be of importance provided the endodontic therapy was
performed carefully.
Both the Safavi et al and Ricucci et al studies were limited in the number
of cases needed to conclude a statistically significant result. Both studies are
evaluating endodontic cases of good technical Quality. This is a distorted case
selection when compared to prevalence studies [1-5].

These studies do not

illustrate the view of what might be present in cases oJ poor .or good coronal
restorations and poor endodontic root canal fillings on periradicular disease.
Chugal et al. 2003[116] investigated the effect of instrumentation level and·
root canal fillings on the outcome of periradicuiar disease in a retrospective study
of 200 endodontically treated teeth. Patient records from the University Of
Connecticut School Of Dental Medicine were evaluated.

Based on the

information from this study Chugal at al. investigated the combined· effect of
endodontic infections and restorations on treatment outcomel117]. This group
observed that permanently restored teeth (with cast or filling) had· an 80%
success rate compared with 60% success for teeth not permanently restored.
Teeth with no preoperative signs of periradicular inflammation were more likely to
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be restored (76.1 %) compared to cases with periradicular inflammation (23.9%).
This group also evaluated

multifactorial influences on endodontic

treatment[118]. They found that teeth with a doubtful endodontic prognosis may
not receive the investment of a cast restoration. The quality of endodontic
treatment exhibited a significant effect on treatment outcome. They concluded
that the higher success rate for teeth with coronal restorations may result from a
bias in treatment selection.

Relationship between endodontic root fill and coronal restoration on
periradicular health.

Previous Studies
Trope et al. 1995.[9] Tronstad et al. 2000[119], Kirkevang et aL 2000[120],
and S,iqueira et al. 2005[12] have attempted to examen radiograpically

restor~d

endodontically treated teeth and their periradicular health. In addition, Hommez
et al.[121] attempted to both radiographically and clinically evaluate this
relationship. All five studies have stated different conclusions. Trope et al. 1995
[9] concluded that the quality of the coronal restoration was significantly more
important than the technical quality of the endodontic treatment on periradicular
disease. Tronstad et al. 2000 [119] and Siqueira et al. 2005[12] attributed the
quality of the root filling over the coronal restoration as having the greatest
influence on periapical health in endodontically treated teeth. Kirkevang et al.
2000 [120] and Hommez et al.[121] indicated that the periradiculc:lr status
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depends on both the quality of the root canal filling and on the coronal
restoration. Little evidence is available to provide a strong correlation between
the

coronal

restorations

and

endodontic prognosis.

Furthermore,

little

information is available regarding the clinical state of the restorations or the
clinical history in these studies.
Ray & Trope, 1995[9] examined radiographically 1010 randomly selected
restored endodontically treated teeth. The incidence of peria'pical disease was
39%, The objective was to determine the relationship between the quality of the
coronal restoration and of the root canal fillings on the periradicular status of
these teeth. Radiographs obtained from Temple University School of Dentistry
were interpreted by two examiners. A third independent examiner selected the
teeth to be examined. Teeth with post and cores were not included due to the
variable length of the root canal filling material. Teeth were grouped as good or
bad endodontic root fillings and good or bad restorations.

Periradicufar

inflammation was noted as present or absent. The criteria of a good endodontic
root canal filling included no voids and a root canal filling that was within 2 mm of
the radiographic apex. A good restoration was one that appeared sealed with no
signs of overhangs, open margins, or recurrent decay. Ray and Trope concluded
that a significant association existed with an outcome of apical periodontitis and
the quality of the restoration as compared to the root canal filling.
The Ray and Trope study however, was limited to the two dimensional
image of the radiograph. In addition, it lacked pertinent sociodemographic data
regarding the participants (age, race, number of teeth per subject), Furthermore,
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the types of restorations found were not noted. Finally, the two examiners were
not calibrated [122] and the agreement between the examiners[77] was not
given. In conclusion, the criteria for the radiographic assessment were very
simplistic and as a result subjective.
In 2000, Tronstad et al. attempted to reproduce the Ray & Trope 1995
study. In his study, 1001 radiographs from permanently restored teeth were
utilized. The rate of apical periodontitis was found to be 33%. Full mouth
radiographs were randomly selected at the Faculty of Dentistry, University of
Oslo. This study, unlike the Ray and Trope group, include posts and found that
the presence of a post did not affect the endodontic success. Tronstad et al.
utilized two calibrated observers and their agreement was stated following the
calibration.
The Tronstad et al 2000[119] study was in agreement with the Ray and
Trope 1995[9] study regarding the importance of a well sealing coronal
restoration for long term success of endodontic treatment. In contrast to Ray and
Trope 1995[9], Tronstad et al. study attributed the quality of endodontic root
fillings over coronal restoration as having the greatest influence over periapical
health in endodontically treated teeth[119]. The difference in findings may result
from the weak evaluation criteria utilized in both studies.
In another study, Kirkevang & Wenzel 2000 [120] evaluated the periapical
status and quality of root canal fillings and coronal restorations in a Danish
Population utilizing 773 endodontically restored teeth. 52% of the teeth presented
with apical peridontitis. One observer was calibrated utilizing the periapical index
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by 0rstavik et al. 1986 [73] and performed the radiographic examination. It must
be noted, that a bias can exist when limited to one interpreter's expertise. This
study differed from the Trope and Tronstad studies in that 50% percent of
endodontically treated teeth presented with apical periodontitis. The strength of
this study lies in its study design. The criteria of lateral seal, length and coronal
restoration were analyzed. In teeth with adequate restorations, lateral seal, and
length, 70% had sound apical bone. In the case where all criteria were
inadequate 80% presented with apical periodontitis. This study indicated that the
periradicular status depends on both the quality of the root canal fillings and on
the coronal restoration.
The periapical index was utilized in the Kirkevang et al study.

In an

attempt to clearly define parameters, this scale becomes difficult to apply. For
example, in values 2 and 3 of the PAl when evaluating periradicular disease, the
limitation may arise in that it is very difficult to discern subtle radiograpf;tic
changes in bone structure and identify an appreciable amount of mineral loss
between values.
Siqueria et al.[12] evaluated 2,051 root filled teeth in a Brazilian population
utilizing full mouth radiographs. This was a cross sectional study to determine the
prevalence of periradicular disease. 49.7% of teeth presented with periradicular
disease.

Two observers examined all the films.

82.4% agreement was

mentioned and these examiners were calibrated based on 200 reference teeth.
They concluded that the coronal restoration may influence peri radicular health
but the quality of the root canal filling was found to be more critical.
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All of the studies [8-10] thus far mention, have solely been based on
radiographic images.

Hommez et al.[121] examined both clinically and

radiographically the relationship between the quality of coronal restorations and
root fillings.

Periapical radiographs of 745 root filled teeth from patients at the

Ghent University Dental School were reviewed. 33% of the cases presented with
apical periodontitis. These patients were evaluated clinically utilizing the Ryge
Criteria[123].

Two examiners evaluated

radiographically.

the

patients

both clinically and

These examiners were calibrated and there inter- and intra-

examiner reliability was noted and found to be satisfactory. It was found that no
clinically statistically significant difference was noted on the state of the coron(31
restoration had on periradicular health. However, the radiographic

evaluatiofl,~f

coronal restoration was found to have a significant influence Dn the state of
periradicular health. They concluded that both coronal restorabons and quality of
the root filling influence periradicular health.
This study did not state if the 51 teeth used for the caiibration were
included in the study as subjects. Their agreement is also questionable due to
the fact that the teeth selected were only scored on each occasion by one
examiner and the data was pooled together. The criteria for clinical evaluation
however were clearly stated. Finally, the management of clinical \lerSeS
radiographic disagreements was not stated.

Objective of the Study
In contrast to the previous studies[8-10, 121], this study attempted to
asses both the radiographic and clinical relationship between the condition of the
coronal restoration and root canal filling on periradicular health. In designing this
cross sectional study, epidemiologic issues were addressed by only selecting
one tooth per subject.

In addition, the clinical examiners were blinded to the

radiographic status of the tooth.
Due to the lack of information regarding bias in radiographic interpretation,
the present study also attempted to evaluate if a bias exists in evaluating
radiographic images as a whole.

Films were evaluated in 5 groups, Groups ;1

and 5 were radiographs as a whole; and groups 2, 3, and 4 were masked ORty
showing the coronal restoration, root filling and periradicular bone respectively at
one time. This was done to avoid the influence that a defective restoration or root
filling may have on detecting periradicular disease.
Therefore the null hypothesis of this study is two fold. First, there is no
correlation between the clinical and radiographic examination when evaluating
the condition of the coronal restoration and endodontic root canal fillings on
periradicular health. Second, no bias exists in evaluating radiographic images.
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Materials and Methods

Patient Selection

Following institutional review board approval from the University of
Connecticut Health Center, 141 patients were screened as a prospective patient
at the University of Connecticut School of Dental Medicine in Farmington,
Connecticut. One endodontically treated tooth from each patient was randomly
selected.

After evaluating patient records, 122 patients were included in the

study.

Inclusion Critieria

The selected tooth had to be endodontically treated without evidence of
periodontal disease (bleeding on probing, loss of attachment and pocket depth ;:.
4mm [124]). The restoration if present could include a temporary, amalgam,
composite, onlay, inlay or crown in place for at least 1 year. The type of indirect
restoration was noted as resin, porcelain, metal, or porcelain fused to metal.
Teeth with post and cores were included in the study.

Clinical Examination

Following completion of full mouth radiographs in the Division of Oral
Radiology,

patients

with

restored

endodontically

treated

teeth

without

radiographic evidence of periodontal disease were recruited. One endodontically
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treated tooth was randomly selected by the roll of a dye and during patients
follow-up dental appointments the coronal restoration was clinically evaluated.
The selected endodontically treated tooth was examined by two dentists.
Examiners were blinded as to the radiographic status of the tooth. The type and
state of the restoration was evaluated individually by each examiner using a form
(Form1 ).

Dental History
The patients were asked a series of questions regarding the history of the
tooth. They were asked to recall if the root canal was performed within 6 months,
1 year, less than 3 years, less than 5 years, within 5 to 10 years, or more than 10
years.

Patients were also questioned as to how long after the root canal therapy

was performed the restoration was placed, and whether the tooth was treated
more than one time endodontically or restoratively since the initial treatment.

Evaluation
The patient was evaluated for any mild, moderate or server discomfort on
percussion, palpation, or mastication. The tooth was evaluated for discoloration
or the presence of a sinus tract.
The tooth to be evaluated was dried with air and evaluated with a mirror,
double ended explorer (straight No. 17 and curved No. 23), and a Michigan
periodontal probe. Care was taken to use the curved explorer gently to evaluate
the restoration cervically[125, 126]. Following each individual examination, the
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evaluating dentists came to an agreement on whether or not the restoration
needed to be replaced.
A defective restoration was defined as one that needed to be replaced to
avoid damage to the tooth or to repair damage to the restoration or the tooth due
to the presence of caries, defective margin adaptation, fractures, or mobility.

Examination Criteria
The examiners were calibrated to a level of inter- and intra-examiner
agreement utilizing a modified Ryge Clinical criteria [123]. The modified Ryge
Clinical Criteria was utilized to evaluate each tooth. Marginal adaptation was
found to be defective if visible and tactile penetration along the crevice of the
margin was· achieved, visible dentin or base exposed, the restoration was
fractured, partially missing, or could be removed.

Marginal Adaptation
Marginal adaptation was evaluated by answering yes or no questions
regarding visible and tactile penetration along the crevice of the margin, visible
dentin or exposed base, fractures in the restoration, a partially missing
restoration, or the restoration could be removed.

Caries
Caries was detected by visual inspection or with an explorer and mirror if
needed to evaluate soft discolored enamel or dentin. In addition, caries was also
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evaluated for on the tooth in an area not restored or along the margin of the
restoration. However, a tooth was excluded if caries was detected as primary
caries on a new surface of the tooth, for example root caries.

Fracture and Mobility
A fracture was noted as a craze or crack with or without a partially missing
restoration or tooth structure. A fracture was noted as involving tooth, restoration,
or both.
Mobility was evaluated by applying pressure on the restoration with an explorer.

Unacceptable Restoration
A restoration had to fulfill at least one of the following criteria to be labejed
unacceptable.

Amalgam
An unacceptable amalgam was one having at least visible dentin or base
exposed a!ong the margin; visible fracture of material; restoration partially
missing; caries visible in dentin or tactile evidence of soften dentin; mobile or
removable restoration.

Composite or Temporary
An unacceptable composite or temporary restoration presented with an
explorer penetrating a crevice along the margin; visible dentin or base exposed
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along the margin; visible fracture of material; restoration partially missing; caries
visible in dentin or tactile evidence of soften dentin; mobile or removable
restoration.

Cast or Indirect Rrestoration
The cast or indirect restoration (crown, onlay, inlay) found to be
unacceptable had at least one area of visible fracture of material along the
margin of the restoration; restoration partially missing; caries visible in dentin or
tactile evidence of soften dentin; mobile or removable restoration.

Radiographic Examination
The radiographic examination was carried out by a total of three
examiners (one oral radiologist and two endodontists). The examiners were
calibrated for their ability to provide their assessment using defined criteria with a
series of 20 radiographs. These radiographs used in the calbaration were not
included as part of the study. Three months following calibration, examiners were
reevaluated for reasonable agreement. Data was evaluated for inter- and intraobserver agreement.

The degree of calibration had to reach at least 70%.

Calibration was based on the criteria by Buckley and Spangberg[4] and
Strindberg's criteria[14].
Each tooth was examined radiographically for a coronal restoration, the
quality of root canal filling, and periradicular status. The radiographic examination
of the coronal restoration consisted of evaluating the type of restoration, the state
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of marginal adaptation of the restoration, and for the presence of caries. The
quality of the root filling was determined utilizing the criteria used by Buckley and
Spangberg [4]. The root canal fillings were evaluated for density, adaptation,
voids, visibility of canal space, and length of root canal filling.

Success and Failure

The periapical status of the tooth was defined using

Strindberg's

criteria[14] as having a thickened periodontal ligament, loss of cortex, or
measurable radiolucency. Success was defined as a normal contour and width
of POL. Uncertain consisted of a periradicular radiolucency of less than or equal
to 1 mm. A failure was defined as the presence of a broken or poorly defined
lamina dura and periradicular radiolucency.

Radiographs

Radiographs were to be prepared for evaluation by an endodontic
resident.

Periapical radiographs were taken on F-speed film and scanned

utilizing an Epson 1640 scanner to a high resolution of 600 DPI. If available in
the patients chart, digital Schick CMOS radiographs were utilized. Radiographs
must have been taken within 1 year of the clinical examination.

Radiographs

were evaluated on a calibrated computer screen utilizing screen testers. In a dark
room evaluations were made by each examiner individually. Microsoft Access
was used to create a database for evaluating each image accompanied by a
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series of questions describing the quality of the restoration, root filling and
periradicular tissue.

Assessment
Radiographs were assessed in 5 groups. Group 1 were the radiographs
as a whole. Group 2 were bitewing radiographs utilized to evaluate only the
coronal restoration. The root canal filling or post was masked. In group 3, only
the root canal filling was evaluated by masking the coronal restoration and
periapical tissue. Group 4 only evaluated the periapical tissue by masking the
coronal restoration and the root canal filling. Group 5 the radiographs were
evaluated as a whole for a second time.
Masking was conducted to evaluate for bias when interpreting the
radiographic quality of the restoration on the root canal filling, the quality of the
root canal filling on the periradicular status of the tooth, etc. Radiographs were
masked utilizing Adobe CS computer program. Each group was evaluated in a
different order. The groups were reevaluated following 2 months.

Unacceptable Coronal Restoration
A radiographically unacceptable coronal restoration was one in which
caries was noted along or beneath the margins of the restoration and the
margins of the restoration were discontinuous or open.
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Unacceptable root canal filling

The root canal filling was noted as unacceptable when voids were present;
a lack of adaptation to the canal wall; the root canal filling was more than 2 mm
short of the radiographic apex.
The presence of a periradicular lesion was noted as a failure according to
the Strindberg's criteria and must be present for periradicular disease to be
present.
The examiners findings were analyzed to conclude the final state as acceptable
and

unacceptable for coronal

restorations

and

root canal fillings.

The

periradicular status was noted as success, failure or uncertain.

Statistical Analysis

The data was analyzed utilizing SPSS 13.0.

Binary logistic regression

was performed to assess statistical significance. A P-value less than 0.05 was
considered statistically significant.

46

Results
The mean age was 50.9 (range 18-84) Table 1. 77.9% of the participants
were Caucasian Table 2. Females comprised 54.1 % (66) of the study population
while 45.9% (56) were male. The majority of the teeth were maxillary anterior
teeth (41.8%) and mandibular first molars (23.8%) Table 3. 40 teeth in the study
had two roots.
Patients were evaluated clinically and radiographically following an
interview. They were evaluated regarding their recollection of when root canal
therapy and restoration were performed, Average or better than average
recollection of when treatment was performed was found in 67% of patients
interviewed Table 4. In 71.4% of the cases, the age of root canal therapy was 5
years or greater Table 5.

86.1 % of patients had their tooth restored within 6

months of the root canal being completed. 9% of patients were symptomatic. 11
of the patients in the study recalled having root canal therapy performed more
than once and 23 having the restoration replaced more that once.
The clinical examination revealed that 59% of teeth had crowns and 36%
had amalgam or composite restorations Table 6 and 7.

Porcelain to metal

crowns composed 86.5% of all crowns, while composite restorations 69.8% of all
fillings. 41 % (51 cases) of all restorations were found unacceptable. Of these 51
cases, 50 had defective margins. Within this group, 44 had caries, 22 had
fractures, and 4 had restorations that were mobile Table 8.

31.4% (22 of 70)

crowns were found to have open margins of which 18 had caries present Lastly,
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47% (22 of 46) of amalgam or composite restorations were found to be defective,
of which 20 were due to the presence of caries.
The radiographic evaluation was bases on 90 Kodak F speed films and 32
digital radiographs (Schick technologies). No difference was found in the
detection of crown margins or quality of root fills with either film or digital
radiographs. All radiographs were taken within a year of the clinical examination.
Of these, 88.5% were taken within 6 months of the clinical examination.
Calibration was performed achieving an inter and intra-examiner agreement of at
least 70% Table 9. The radiographic evaluation was performed by 3 examiners
and an inter- and intra-examiner reliability of 70% or more was accepted Table
10-13.

The intra-examiner agreement was higher than the inter-examiner

agreement. This was not found to be statistically significant.

Agreement of at

least 2 out of the three examiners was needed and was achieved in over 95% of
the cases.
Radiographs were evaluated in 5 groups. Groups 1 and 5 included
radiographs evaluated as a whole, with a 6 month or more interval between
evaluations.

Groups 2, 3, and 4 included radiographs in which the coronal

restorations, root fillings, and periradicular tissue were respectively evaluated
individually.
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Results of Aim 1

Aim 1 evaluated the relationship clinically and radiographically between the
condition of the coronal restoration and endodontic root canal fillings on
periradicular health. Clinical versus radiographic detection of defective coronal
margins was found to be significantly different. Table 14 depicts the incidence of
defective margins clinically and radiographically. Defective margins were found
clinically in 43% of cases and 41% of radiographs. The inter-agreement between
groups was 57%.

More teeth were agreed upon as acceptable while more

disagreement existed on unacceptable cases. This was found to be statistically
significant. In group 1, the incidence of defective margins, root fillings, and
periradicular disease detected radiographically was 43%, 56%, and 39%
respectively.

Results of Aim 2

Aim 2 evaluated for the existence of bias in interpreting radiographic images. The
inter-agreement between the different groups is found in Table 15. No significant
difference was found in the detection of open margins, quality of root fillings, or
outcome when evaluating groups 1, 2, 3, or 5.

A statistically significant

difference in the detection rate of periradicular disease was noted in groups 1
and 5 verses group 4 (39% Group 1 and 5 [CI +/- 8.64] vs. 20% group 4 [CI +/7.05]). Table 16 shows the cross tabulation between groups 1 and 4. More
failures were found in group 1.
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Relationship between coronal restoration and endodontic root fill on
peri radicular disease.
Categories were matched on the basis of the quality of the root filling and
coronal restoration and their incidence with and without peri radicular disease
Tables 17-25. The categories included good root fill to good coronal restoration,
good root fill to poor coronal restoration, poor root fill to good coronal restoration,
and poor root fill to poorcoronal restoration. No statistically significant difference
was found between the different categories with regard to periradicular disease in
any of the groups.
Logistic regression (P<O.5) was performed relative to the outcome
obtained from the radiographic data in groups 1 and 4. No statistically significant
influence on outcome was found with regard to the different categories of quality
of coronal restoration clinically or radiographically and root fill Tables 17, 20, and
23.

A trend was noted and not found to be statistically significant relative to the

age of the root canal filling. Radiographic data showed that the highest incidence
of periradicular disease was noted when the root filling was poor and less than 5
years old. Table 18.

The clinical restorative data revealed that in cases less

than 5 years old with a root canal filling of good technical quality, the incidence of
periradicular disease was lowest Table 24.
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Discussion
This study assessed the clinical relationship between the condition of the
coronal restoration and root canal filling on periradicular health. It was found that
the clinical data had a statistically significant influence over the incidence of
periradicular disease detected verses the incidence detected using only
radiographic data. Furthermore, a higher incidence of periradicular disease was
noted when periapical radiographs were evaluated as a whole (39%) as
compared with radiographs evaluating just the periapical tissue (24%) and this
was found to be statically significant (Confidence Interval +/- 7.05) Table 9. This
implies that the state of the coronal restoration and root filling influence the
detection of periradicular disease. The inter-agreement between groups 1 and 4
was 72% Table10. This demonstrates that when evaluating periradicular health,
the quality of the coronal restoration and root filling influences with higher false
positives the detection of periradicular disease. The dark color used to mask the
radiographs was thought to possibly influence the presence of more lesions. This
was disproved with high inter-agreement between the groups. A reverse effect
was noted with less detection of disease.
The clinical versus radiographic evaluation of margin integrity showed little
difference as noted in the incidence of unacceptable restorations (43% to 41 %
respectively). Yet, a 57% (70/122) inter-agreement between cases existed.
When matched, 21 % of restorations were found to be both clinically and
radiographically unacceptable. The quality of coronal restorations cannot be
determined solely by the radiographs as this resulted in a higher rate of false
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positives and false negatives. The difference in inter-agreement rates supports
the clinical examination as being the gold standard for evaluating the integrity of
restorations.
The incidence of periradicular disease in group 1 (the radiograph
evaluated as a whole) was 38.5%. This is in agreement with Tronstad et al.
2000[119] 32.6 %, Trope et al. 1995[9] 38.9%, and Hommez et al.[121] 32.6%;
yet below Kirkevang et al. 2000[120] 52.3% and Siqueira et al. 2005[12] et al
50% Table 23. Therefore, despite our small sample size, the cases presented
can be accepted as an appropriate sampling of the population.
Previous studies[8, 9, 12, 121, 127] found the incidence of periradicular
disease to be influenced differently with regard to the quality of the coronal
restoration and root filling. However, this study found no statistical difference
between the radiographic quality of coronal restorations and root fillings as
compared with periradicular disease. This may be due to the small numbers of
cases utilized in this study. When the clinical data was added to the radiographic
evaluation, a trend though not significant, could be noted with a slight increase in
the incidence of periradicular disease when the coronal restoration was of good
quality regardless of the quality of the endodontic root filling. This trend could not
be explained but is thought to be influenced by the limited number of cases. The
low inter-agreement between the clinical and radiographic evaluation did not
permit matching for fear of increasing the number of false positives or false
negatives.
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Cases in group 1 were analyzed, the age of treatment was found to
influence the incidence of periradicular disease with regard to quality of cases.
Cases less than 5 years were found to have a higher incidence of periradicular
disease when the quality of root canal treatment was poor. These numbers were
based on 72 cases and were not found to be statistically significant. The trend
noted in group 1 with cases less than 5 years old is similar to that noted by
Tronstad et al 2000[128]. In the cases over 5 years, a slightly lower incidence of
disease was noted but no difference was found to be significant.

This trend

could be attributed to a longer healing time and a limited number of cases 48. If
teeth with poor coronal restoration or poor endodontic root fill would have been
extracted or retreated and not included in the study population.
This study consisted of only 122 teeth. The limited number of teeth was
due to the decision of only accepting 1 tooth per patient. This was done with the
objective of representing individual subjects independent of each other.
Accepting more than one tooth per patient creates a "cluster sample" where the
assumption of independence is voided[129].

Each tooth included was randomly

selected by rolling a dice for those situations that more than one restored
endodontically treated tooth was present.
It was our original intent to exclude multi-rooted teeth. Maxillary premolars
and molars were not included due to the difficulty in interpreting radiographic
images due to anatomical structures (maxillary sinus and malar process).
However, mandibular molars were later included due to the limited number of
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cases in this study. Teeth with periodontal disease were excluded to eliminate
the possibly of periradicular pathology due to periodontal etiology.
Teeth with posts were also included in this study again due to the limited
number of cases. Teeth with posts were found in 56 cases and to have no effect
on the presence of periradicular disease in accordance with Buckley and
Spfmgberg[4], Tronstad[10], and Kivist et al.[113].
The mean age in this study was 50.9 years old. This was slightly higher
than previous prevalence studies where the age range varied from 35-45
years[1-5]. The older patients presented with less incidence of periradicular
disease. The distribution of males to females was similar to previous University of
Connecticut studies[4, 130] where 54.1 % (66) were female and 45.9% (56) male.
The incidence of periradicular bone lesions has been observed in roughly 2540% of teeth with root canal fillings [1-5], in this study the incidence was 39%.
The majority of the teeth were maxillary anterior teeth 41.8% and
mandibular first molars 23.8%. This distribution was similar to the Buckley and
Spangberg study[4].

The majority of teeth in the Siqueria et al. study were

maxillary premolars, followed by maxillary incisors and mandibular molars.
The clinical examination results had more teeth with crowns then fillings.
22 of the 70 (31.4%) crowns were found to have open margins, of which 18 had
caries present. 22 of 46 fillings (47%) were found to be defective, of which 20
were due to caries.

More cases restored with crowns as compared to fillings

found in conjunction with poor root fillings were noted without periradicular
lesions (63% vs. 37%).
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Crowns can be argued as being a better restorative choice for an
endodontically treated tooth however this may also be attributed to case
selection.

The incidence of teeth that presented with crowns was higher than

that for amalgams or resin composites. This finding is in agreement with Surria
et al [105] and Aquilino et al[11 0]. Aquilino et al[11 0] found that non crowned
teeth had a 6.0 times greater rate of being extracted. The higher incidence of
crowns in the present study may also reflect cases which would have otherwise
been extracted.
The higher caries rate in fillings may not only result from material type but
also case selection. This is in agreement with Chugal and Spangberg 2003.
Teeth with doubtful endodontic prognosis may not receive the investment of cast
restorations. The quality of endodontic treatment exhibited a significant effect on
treatment outcome. They concluded that the higher success rate for teeth with
coronal restorations may result from a bias in treatment selection. No difference
was noted in this study in relation to poor root fillings and choice of restoration.
One very important limitation to radiographic interpretation can be bias.
This is dependent on who is interpreting the radiograph[76],and whether
interpreters are calibrated[77]. In this study, calibration was performed based on
20 radiographs not utilized as part of the study. A higher calibration could have
been achieved if examiners were brought together to discuss discrepancies
several times throughout their evaluations. Even with 70%, a higher agreement
was needed for a Kappa of .8 to be achieved.
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A total of 488 images were evaluated by each of the 3 evaluators.

A

difference was noted with the evaluation of groups 1 and 5 resulting in a low inter
examiner reliability Table 9. This may have resulted from fatigue, or poor quality
of scanning of the images. However, this could be dismissed due to very little
differences existing between evaluation of groups 1, 2, and 3. The difference in
detection of periradicular disease may reflect the difficulty in interpreting disease
when the quality of coronal restoration or root filling is considered at the same
time Table 9. Finally, no difference was found in the detection of periradicular
disease between film and digital images concluding both mediums as being
equivalent methods for interpretation of quality of coronal restoration, endodontic
root filling, and periradicular disease.
The failure to reach a consistent conclusion, regardless of the source of
data (Table 14-22,) illustrates that radiographic evaluation is not a reliable
method for determining the influence of coronal restorations and endodontic root
fillings on periradicular disease.

What this study does illustrate however, is that

when interpreting radiographs as a whole, the influence of the quality of the
coronal restoration and endodontic root filling on periradicular health cannot be
determined.

Densitometric analysis and subtraction radiography have been

proposed as methods for evaluating changes in periradicular healing[96].

It is

unknown if densitometic analysis and subtraction radiography give an equivalent
interpretation of peri radicular disease when evaluating masked radiographs of
bone.
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Interpreting the quality of the root filling based on radiographs is
questionable due the fact that the presence or absence of bacteria cannot be
determined regardless if the root filling is satisfactory or not. In doing so, one
makes an assumption that a poor root filling equates to the presence of bacteria.
Sampling, if possible, of the root canal space would be a more reliable method.
The interpretation of radiographic films is subjective despite a series of
criteria given for evaluation. This was found to be statistically significant with the
incidence of periradicular disease in groups 1 and group 4. Many false negatives
can be found when periradicular disease is absent.

One could assume from

Seltzer and Bender 1961 [80] that if a lesion is seen radiographically disease is
truly present.

A biopsy of the peri radicular tissue would provide a true

representation of the status of periradicular disease.
This study illustrated a common problem with endodontic studies based
on radiographic data. The interpretation of radiographs provides a very limitHd
view of what is truly present clinically.

The small number of cases did not permit

statistically significant data Although it was desirable to have a larger number of
patients, it was extremely difficult due to the nature of the study design.
Nevertheless, the findings of this study illustrate that a bias exists in evaluating
radiographs as a whole for periradicular health. In addition to the radiographic
evaluation, a clinical evaluation is needed for evaluating the quality of coronal
restorations which may influence the incidence of disease.
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Conclusion
Based on the findings for the first objective of this study, evaluating the
radiographic and clinical relationship between the condition of the coronal
restoration and root canal filling on periradicular health, we can accept our first
null hypothesis. Neither the quality of the coronal restoration nor the quality of the
root filling influenced the presence of disease. However, this can be attributed to
the study design in that the question cannot be answered due to the limited
number of cases. Moreover, this study did find that clinical data is essential in
addition to radiographic data for the evaluation of the status of coronal
restorations and endodontic root fillings. Lastly, our second null hypothesis was
rejected. A bias was found to exist in interpreting periradicular radiographs as a
whole. When evaluating periradicular films the quality of coronal restorations and
endodontic root fillings was found to influence the incidence of detection of
periradicular disease.
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Forms

Form 1. Clinical evaluation form for patient interview regarding
history of treatment
When was root canal performed?
>1yr<3Yffi <5Yffi <10Yffi >10Yffi
When was the restoration placed?
Within 6 mths
1 yrs
<5 yrs
Was this tooth endodontically treated more than once?
Y
N
Was this tooth restored following endodontic therapy more than once?
Y
N
Discolored?
N
Y
Any symptoms?
Y
N
Sinus tract Present
Y
N
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Form 2. Clinical evaluation form for restorative and periodontal
status of selected teeth
Clinical Evaluation
Case# _ _ _ _ __

Tooth Number: _ __

5,ympt oms:
Percussion
Palpation
Mastication Pain

Type:
Material

MB

I
I

Mild
Mild
No symptoms

Severe
Severe

Moderate
Moderate

Temporary
Amalgam
Fuji
Gold

Coronal Restoration"
Filling
Com(:>osite
Porcelain
S.S.

B

Peno
. d onta I Ch a rfmg
DB
DL
I

l

I

I

I
I

I

I

I

I

I
I

Onlay/lnlay
Cavit
Porcelain/Metal

Crown
IRM
Metal
Unknown

L

ML

Bleeding on probing

I

I

I
Attachment loss

--._-

I

I

I

..

-

..-

argmd
a apl
M
taf Ion
Visible evidence of crevice along the margin
Explorer penetrates crevice along the margin
Visible Dentin or Base exposed

Y
Y
Y

N
N ....-N ...•...-

Fracture
Restoration fractured visibly along the margin
Restoration partially missing
Tooth Fractured in enamel
Tooth Fractured to dentin
Both restoration and tooth fractured

Y
Y
Y
Y
Y

N
N
N
N
N

Caries
Visible evidence of discolored enamel
Visible evidence of discolored dentin
Tactile evidence of soften enamel
Tactile evidence of soften dentin

Y
Y
Y
Y

N
N
N
N

Mobilit
Visuall mobile tested with ex lorer
Restoration can be removed

Restoration:

Acceptable

Unacceptable
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Form 3. Patient authorization

AUTHORIZATION

TO

USE

AND

DISCLOSE

PROTECTED

HEALTH INFORMATION FOR RESEARCH PURPOSES
The federal privacy law, Health Insurance Portability & Accountability Act (HIPAA),
protects your individually identifiable health information from being shared without your
permission. The privacy law requires that you sign an authorization (or agreement) in
order for researchers to be able to use and disclose your protected health information
and that you receive a copy of the Institution's privacy practices.
Your signature on this authorization is voluntary. Whether you choose to sign or not
to sign has no impact on your treatment, payment, or enrollment in any health plans. or
affect on your eligibility for benefits. The only consequence of not signing this form is
that you may not be allowed to participate in this research project.
By signing this form you authorize Larz S. W. Spimgberg, DDS, PhD and his staff to
use and disclose your protected health information for the research project titled The
Correlation Between the Quality of Dental Restorations, Root Canal Fillings and
Periradicular Health, described in more detail later in this form. You also permit your
doctors and other health care providers to disclose your protected health information for
this research project.
In addition, State of Connecticut statutes require that any release of information
pertaining to AIDS, HIV infection, behavioral health services, psychiatric care, or
treatment for alcohol andlor drug abuse be specifically authorized. If this information
pertains to you, you should know that the researcher(s) and staff associated with this
project might become aware of it. By signing this dual-purpose authorization you
acknowledge that you understand there is a chance this information may be subject to
use and disclosure as it relates to this project.
This Authorization does not have an expiration date.
However, if you sign this
authorization you can still change your mind at a later date. You can revoke this
authorization by sending a written notice to Larz S. W. Spfmgberg, DDS, PhD;
Department of Endodonto/ogy; University of Connecticut Health Center; 263
Farmington Ave; Farmington, CT 06030-1715 to inform him of your decision. Once
you revoke this authorization the researchers will no longer be able to use and disclose
your protected health information. There are exceptions to this. For example, one
exception under which the researchers may continue to use and or disclose your
protected health information after receiving your request to revoke the authorization is if
you experience(d) an adverse event (bad effect). Another example is that researchers
may continue to use and lor disclose only the protected health information collected for
the research study prior to receiving the request to revoke this authorization. If you
revoke this authorization you may no longer be allowed to participate in this study.
If you have any questions, concerns or complaints about your privacy rights, you may
write to the Director of Patient Relations at the University of Connecticut Health Center,
263 Farmington Avenue, Farmington CT 06030-1112. If you have a complaint, you may
also write to the Federal Department of Health and Human Services (DHHS) at DHHS
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Regional Manager, Office of Civil Rights, U.S. Dept. of Health and Human Services
Government Center, J.F. Kennedy Federal Building, Room 1875, Boston MA 02203.
Complaints should be sent within 180 days of when you knew, or should have known, of
the problem.
You may not be allowed to review the information collected for this research project until
the col/ection of information is complete and the study is complete. However, you
have the right to request that your medical record be released to your personal
physician. When the col/ection of information is complete and the study is
complete, you may have the right to access all of your information.

Your protected health information that may be used and disclosed includes:
•
•

Eva!uation of full mouth radiograph.
Oral examination of one restored endodontically treated tooth.

Your Health Information will be used for:

•
The purpose of this study is to evaluate clinically and radiographically the
relationship between the condition of the coronal restoration and endodontic root
fillings on periradicu!ar health.
Your Protected Health Information may be used by and shared with:
•
Office
•
•
•

The University of Connecticut Health Center's Institutional Review Board and the
of Research Compliance.
Government representatives, when required by law.
Hospital or University of Connecticut Health Center representatives.
. [List any other group ',\lith whom the informatIon may be shared].

The researchers and staff agree to protect your health information by using and
disclosing it only as permitted by you in this Authorization and as directed by state and
federal law. However, once your health information has been disclosed to anyone
outside of this institution, the information may no longer be protected under this
authorization.
Reasons to share the information are to be able to conduct research, and to ensure that
the research meets legal, institutional and/or accreditation requirements.
Medical research may result in new products, tests or discoveries. These may have
commercial value and may be developed and owned by the University of Connecticut
Health Center, its faculty and/or others.
Please initial to acknowledge that you
understand that you will not share in the financial benefits, if any, from these products
tests or discoveries.
______ you understand that you will not share in the financial benefits, if any,
from these products tests or discoveries.
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The University of Connecticut Health Center's Notice of
all patients and research participants.
The Notice
http://health.uchc.edu/privacyiindex.htm.
The Notice
information may be used and disclosed and how you can

Privacy Practice is provided to
is also available on-line at
explains how your medical
get access to this information.

Please initial the appropriate choice:
______you have already received the University of Connecticut Health Center's
Notice of Privacy Practice and understand your rights and the policy of the institution.

______y ou have been provided with a hard copy of the University of Connecticut

Health Center's Notice of Privacy Practice by the researcher(s) and have been given the
opportunity to read it and ask questions prior to signing this fonn
There may be studies conducted in the future for which you may be an eligible
participant. Please initial your preference.
______ You give permission to Larz S. W. Spfmgberg, DDS, PhD or his
designated database administrator to contact you with information about future studies
for which you may be an eligible participant.
_ _ _ _ _you do not give permission to be contacted about future studies for
which you may be an eligible participant.

You are a voluntary participant in this research study, or you are authorized to act on
behalf of the participant. By signing you acknowledge that you have read and
understand this form and that you authorize the use and disclosure of protected health
information. You will receive a copy of this form after it is signed.

Signature of the research participant or
the research participant's legal representative*.

Date

Printed name of the research participant and if applicable the participant's legal
representative*

63

Tables

Table 1. Distribution of the number of patients in each age group.

Ages

Patients

Percentage of cases

18-29

16

13

30-39

14

11

40-40

31

25

50-59

25

21

60-69

18

15

70-79

11

9

80-84

7

6

Total

122

100
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Table 2. Distribution of cases based on race.

Race

Number

Caucasian

95

Percent
78

Hispanic

12

10

African-American
Asian

7
8

6
7

Total

122

100

---
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Table 3. Tooth distribution for the 122 cases

Tooth

Frequency

Percentage

Anterior-Maxilla

51
12
18
41
122

42
11
15
32
100

Anterior-Mandibular
Mandibular-Premolar
Mandibular-Molar

Total

66

Table 4. Patient recollection regarding dental treatment.
I

Number

percenta~

Weak

40

33

Average

68

56

I Strong

14

11

Total

122

100

I Recollection

II

I

67

Table 5. Patient recollection of when root canal therapy and restoration
were performed .

Time

Frequency

Percentage

1 year

12
23
39
4
44
122

11
19
32
3
35

> than 3 years
> than 5 years
> than 10 years
< than 10 years

Total

100

68

Table 6. Types of Restoration detected in each evaluation group.

Clinical a

Group 1 b

Group 2 c

Group Sd

%

n

%

n

%

n

%

n

Crown

59

72

51

62

51

62

52

63

Filling

36

44

40

49

38

46

38

46

None

0

0

7

8

10

12

9

11

Onlay/lnlay

0

1

0

1

1

2

1

1

Temporary
Filling

5

5

2

2

0

0

1

1

Total

100

122

100

122

100

122

100

122

Clin ical-i nformation obtained from cl inical evaluation
Group 1- radiographs evaluated as a whole
c Group 2- radiographs evaluated for only coronal restoration
d Group 5- radiographs evaluated as a who le for second evaluation
*n- number of cases in each group
a

b
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Table 7. Restoration Materials detected in each evaluation group.

Clinical

a

Group 1 b

Group 2 c

Group 5 d

%

N*

%

n

%

n

%

N

9
0
29
0

11
1
35
1
4
12

10
.5
25
.5

12
1

11

8

10

0

1
33
0
2
11
5
1
39

Amalgam
Cavit
Composite
Fuji
IRM
Metal
None
Porcelain
Porcelain/Metal

48

Total

100 122

4

10
0
0

0

1
57

15
6
0
39

48

9
0
26
1
1
13
10
1
39

100

122

100 122

4

30

1
5
18
7
0

32
1
1
16
12
1
48

1
40
0

3
13
6
1
48

100 122

Clinical-information obtained from clinical evaluation
Group 1- radiographs evaluated as a whole
c Group 2- rad iographs evaluated for only coronal restoration
d Group 5- radiographs evaluated as a who le for second evaluation
*n- number of cases in each group
a

b
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Table 8. Clinical and Radiographic evaluation of the quality of the coronal
restoration

Clinical Evaluation Quality of Coronal Restoration
Acceptable
Unacceptable
n
n
%
%
72
Margin
59
50
41
Caries
78
64
44
36
Fracture
100
82
22
18
Mobility
118
97
4
3
Total
122
100
122
100

Radiographic
Group 1*

Evaluation Quality of Coronal Restoration in
Acceptable
n

Mar in

69

%
57

Unacceptable
n
%
53
43

*Group 1- radiographic evaluation of the periapical film as a whole.
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Table 9. Inter- and intra-examiner calibration agreement

I Calibration

*1

VS.

2

*1

VS.

3

*2

VS.

3 1

I
I

Inter-examiner agreement

%

%

%

Outcome

65

60

60

I Length of Root Filling

60

75

90

I
I Margin

80

70

80

75

60

60

I
I
II
I

i

I
I

I PA Disease
II
I

Examiner1

Examiner2

Examiner3

%

%

%

75

85

95

80

80

90

Margin

80

95

85

PA Disease

70

75

75

Calibration

I Intra-examiner agreement
I

I Outcome
I

I Length of Root Filling

* Examiners

72

Table 10.
Inter- and
Examiners 1, 2, and 3.

Intra-examiner

agreement

Group 1*
Interexaminer
Agreement

**1
%

%

%

Restoration Type

66

67

85

Restoration Material

53

37

72

Margin

76

78

79

PDL

75

44

48

Lamina Dura

71

70

64

PA Disease

72

72

63

Outcome

72

72

63

Density

77

48

63

Adaptation

80

51

65

Vo ids

65

40

45

Visible Canal Space

88

55

55

Length of Root Filling

80

74

78

VS.

2

1

VS.

3

2

VS.

between

3

*Group 1-periradicular radiographs evaluated as a whole
** Exam iners

""I .)"

Inter- and
Table 11.
Examiners 1, 2, and 3.

Intra-examiner

agreement

1 VS. 3

2

%

%

%

Density

64

46

69

Adaptation

67

48

72

Voids

57

34

48

Visible Canal Space

92

46

48

Length of Root Filling

81

84

90

Group 3* Agreement

**1

VS.

2

VS.

between

3

* Group 3 - Radiographs evaluating qual ity of root filling
** Exam iners

74

Table 12. Inter-examiner agreement between Examiners 1,2, and 3.
*1 vs. 2

1 vs. 3

2 vs. 3

%

%

%

Restoration Type

81

82

84

Restoration Material

52

55

64

Margin

68

74

80

Density

84

64

62

Adaptation

80

72

80

Voids

67

43

51

Visible Canal Space

77

52

53

Length of Root Fill ing

85

76

76

Group 5* Agreement

*Group 5-Second evaluation of rad iographs as a whole
**Exam iners

75

Table 13. Intra-examiner agreement between Examiners 1, 2, and 3.
Examiner 2

Examiner
3

%

%

76

91

88

63

61

83

I Margin

79

85

80

Density

87

89

73

Adaptation

86

84

72

Vo ids

70

84

59

Visible Canal Space

78

95

66

Root 82

88

79

I

Examiner Exami ner 1
IntraAgreement
Group 1 vs.
%
Group 5

Restoration Type
. Restoration Material

I

Length
. Filling
I

of

~

*Grou p 1 and 5 Intra-examiner agreement between Examiners 1, 2, and 3.
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Table 14. Incidence of defective coronal restorations, defective endodontic
root fillings, and periradicular disease in each group

Grp 2D

Grp 3 c

Grp 4d

%

n
122

%

n
122

n
122

53

43

58

48

Defective
Root Filling

68

56

Periradicular
Disease

47

39

Defective
Coronal
restoration

Grp 1- radiographs
Grp 2- radiographs
c Grp 3- rad iographs
d Grp 4- radiographs
e Grp 5- radiographs
a

b

Clinical

Grp 1a

n
122

%

n
122

51

41

53

%

Grp 58
%

43
24

20

n
122

%

39

32

54

44

47

39

evaluated as a whole
evaluated for only coronal restoration
evaluated for only defective root fill ing
evaluated for periradicular disease
evaluated as a whole for second evaluation

77

Table 15. Inter-agreement between groups with regard to margin , root
filling, and outcome

1 Margin

Margin

b

Rootfill

-- -- --

Outcome

Clinical
vs.
Group1 a

Group 1 vs.
Group 2b

Clinical
Vs.
Group 2

Group 1
vs.
Group 3 c

Group 1
vs.
Group 4 d

57%
(70/122)

83%
(102/122)

54%
(55/122)

68%
(83/122)

72%
(88/122)

Group 1- radiographs evaluated
Group 2- rad iographs evaluated
c Group 3- radiographs evaluated
d Group 4- rad iograph s eval uated
a

Margin

as a whole
for only coronal restoration
for only defective root fi ll ing
for periradicular disease

78

Table 16. Cross tabulation of the inter-agreement between Group 1 and
Group 4

Group 1 a
Success

Group
Failure

Total

Group 4 b
Success

Group
Failure

70

5

75

1 29

18

47

99

23

122

4 Total

a Group
b

1- rad iographs evaluated as a whole
Group 4- radiographs evaluated for periradicular disease
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Table 17. Incidence of periradicular disease in Group 1 (radiograph
evaluated as a whole) with regard to quality of root filling and coronal
restoration

Root
Filling

Coronal
Restoration

Incidence of Periradicular
Disease in Group 1 a
Total
122
N
%

Good

Good

35

13

37

Good

Poor

19

7

37

Poor

Good

34

17

38

Poor

Poor

34

14

41

Group 1- radiographs evaluated as a whole
N -number of case

a

80

Table 18. Incidence of periradicular disease in Group 1 in cases with less
than 5 years of follow-up

Root
Filling

Coronal
Restoration

Good

Good

Incidence of Periradicular
Disease in Group 1 a of
cases less than 5 year
follow-up
Total
72
N
%
35
23
8

Good

Poor

11

3

27

Poor

Good

21

8

62

Poor

Poor

17

6

65

Group 1- rad iographs evaluated as a whole
N -number of case

a

81

Table 19. Incidence of periradicular disease in Group 1 in cases with over 5
years of follow-up
I

Coronal
Restoration

Incidence of Periradicular I
Disease in Group 1 a of I
cases older than 5 years
Total
48
N
%
I

Good

Good

11

5

46

Good

Poor

8

4

50

I

Good

13

5

39

Poor

16

7

44

I

I

!

I Root
I Filling
I

l;'
Poor

i

I

!

i
I

~

a Group

1- radiographs evaluated as a whole
N -number of case

82

Table 20. Incidence of periradicular disease in Group 4 (radiograph
evaluated for periradicular pathology) with regard to quality of root filling
and coronal restoration

a Group

4- rad iographs evaluated for periradicular disease
N -num ber of case

83

Table 21. Incidence of periradicular disease in Group 4 in cases with less
than 5 years of follow-up

Root
Filling

Coronal
Restoration

Incidence
of
Periradicular
Disease in Group 4 a of cases
Less 5 years old
Total
72
N
%

Good

Good

23

5

22

Good

Poor

11

2

18

Poor

Good

21

4

19

Poor

Poor

17

4

24

Group 4- rad iographs evaluated for periradicular disease
N -number of case

a

84

Table 22. Incidence of periradicular disease in Group 4 in cases with over 5
years of follow-up

Root
Filling

Coronal
Restoration

Good

Good

Incidence of Periradicular
Disease in Group 4 a of
cases older than 5 years
old
Total
48
N
%
11
3
27

Good

Poor

8

1

13

Poor

Good

13

1

8

Poor

Poor

16

3

19

Group 4- radiographs evaluated for perirad icular disease
N -number of case

a

85

Table 23.
Incidence of periradicular disease detected utilizing data
obtained from the clinical coronal restoration evaluation and the group 1
evaluation of endodontic root filling and periradicular bone status.

I
I Root
Filling

Incidence of Peri radicular
Disease in Group 1
Coronal
Restoration

Total
122

N

%

Good

Good

27

12

44

I Good

Poor

27

8

30

Poor

Good

45

20

44

I
I Poor

Poor

23

7

30

I
a Group

1- ra diographs evaluated as a whole
N -number of case

86

Table 24. Incidence of periradicular disease detected utilizing data obtained
from the clinical coronal restoration evaluation and the group 1 evaluation
of endodontic root filling and periradicular bone status with less than 5
years follow-up.

Root
Filling

Coronal
Restoration

Good

Good

Incidence
of
Peri radicular I
Disease in Group 1 a of cases
Less than 5 years old
Total
72
N
%
15
7
47

Good

Poor

19

4

21

Poor

Good

25

10

40

I Poor

Poor

13

4

31

I

I

- --

-- --- -

a Group

1- radiographs evaluated as a whole
N -Ilumber of case

87

Table 25. Incidence of periradicular disease detected utilizing data obtained
from the clinical coronal restoration evaluation and the Group 1 evaluation
of endodontic root filling and periradicular bone status with over 5 years
follow-up.

Root
Filling

Coronal
Restoration

Good

Good

Incidence
of
Periradicular
Disease in Group 1 a of cases
Older than 5 years old
Total
48
N
%
23
5
22

Good

Poor

11

2

18

Poor

Good

21

4

19

IPoor ._____p_o_or___________17________4_______ 2~________
a Group

1- radiographs evaluated as a whole
N -number of case

88

Table 26. Incidence of Periradicular Disease detected in various studies
based on radiographic data.

Study
Ray and
Trope, 1995
Kirkevang et
aI., 2000
Tronstad et aI. ,
2000
Hommez et
aI. , 2002
Siqueira et aI. ,
2005
Present
Study

Incidence of
of Periradiuclar
Disease

Number
Patients

of Number
teeth

Unknown

1,010

38.9%

614

773

52 .3%

Unknown

1,001

32.6%

228

745

32.5%

1,139

2,051

50.3%

122

122

39%

"

89

Table 27. Incidence of periradicular disease based on radiographic data
with regard to quality of root filling and coronal restoration
Incidence of Periradicular Disease
Tronstad et
ai. , 2000

Hommez et
al.,2002

Siqueira et
ai, 2005

Good

Coronal
Ray and
Restoration Trope,
1995
Good
9

19

21

29

Good

Poor

66

29

32

41

Poor

Good

32

44

34

62

Poor

Poor

82

43

55

77

Root
Filling

90

Table 28. A comparison of the difference in incidence of periradicular
disease evaluated from the different methods of radiographic and clinical
evaluation.

Incidence of Periradicular Disease
Coronal
Restoration

Group 1
Coronal/
Root
Fill ing/
Outcome
Data

I Good

Good

37

Group
1 Clincial
Coronal/
Coronal/
Group
1 Group
1
Root
Root
Fill ing/
Filling/
Group 4 a Group
1
Outcome
Outcome
Data
Data
23
44

Good

Poor

37

16

30

Poor

Good

38

15

44

I Poor

Poor

41

21

30

Root
Filling

a
b

a

Group 1- radiograph s evaluated as a whole
Group 4- rad iographs evaluated for periradicular disease
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